Résumé -Nous proposons un nouveau type de conducteur supraconducteur multifilamentaire utilisable pratiquement. Il s'agit d'un fil dans lequel les filaments sont formés in situ par un procédé de diffusion interne.
Although in situ processed Nb 3 Sn wires have merits in their simpler fabrication processes and smaller stress effects on the critical current density, they have not been manufactured for a practical use. This is because they have demerits in their lower critical current densities, smaller current capacities per a wire, and extremely larger hysteresis losses similar to that of a single-core superconductor /1,2/.
The purpose of this paper is to propose a new type of practical in situ Nb 3 Sn wires with a large current capacity and a low ac loss. For this purpose, we at first studied experimentally electromagnetic properties of a single in situ wire. Using the obtained results, we discuss the design priciple of a new type wire. A test wire was manufactured to examine our design principle.
I -ELECTROMAGNETIC PROPERTIES OF A SINGLE in situ WIRE
In this section, we discuss the electric coupling among Nb 3 Sn filaments in a single in situ wire which plays the role of a fine core in the present type of stuck wire.
We prepared in situ processed Nb 3 Sn wires of internal diffusion type. As illustrated schematically in Fig.1 , the region 2 is occupied by Cu-22wt%Nb fabricated by the arc melting method. The center of this part was drilled and a Cu hollow cylinder filled up with 60vol%Sn-prepacked Cu powder /3/ was inserted into this drilled space. Then they were mounted inside a Cu-10wt%Ni jacket, which is expected to prevent the wire from breaking during the cold drawing process. Initial and final diameters of the wire are 12.5mm and 0.3mm, respectively, and the resulting reduction ratio is about 1700. The sample wires were wound into single-layered, solenoidal coils with the diameter of 35 mm and the heat treatment was carried out after the winding.
Effective diameter at high fields:
As a quantitative measure of the coupling among Nb 3 Sn filaments, the parameter d e ff called the effective diameter has often been used. According to Shen's definition /2/, d e ff is given by
where <M>?R and <Jc>2P, are * ne transverse magnetization and the critical current density averaged over thie region of OlriR shown in Fig. 1 Thus, we can conclude t h a t tRe electromagnetic behaviors o f the i n s i t u w i r e are q u i t e simil a r t o those o f the single-core superconductor even a t high f i e l d s .
Effective diameter i n the presence of transport c u r~e n t s : I n order t o i n v e s t i g a t e the e f f e c t o f t r a n s p o r t currents on d ff, we measured the l o s s o f an i n s i t u w i r e c a r r y i n g a dc t r a n s p o r t c u r r e n t i n external transverse pul se-fie1 ds . Measurements were c a r r i e d o u t f o r t h e sample c o i l s No.A3 and A3' by the so-called coil-simulat i o n method /4/ i n the bias transverse f i e l d o f 2T.
I n Fig.3 (a) and ( b ) , observed magnetization losses and dynamic resistance losses /5/ are shown, r e s p e c t i v e l y . I t must be noted t h a t these data are independent o f the sweep r a t e w i t h i n the present experimental accuracy. We can use t h e o r e t i c a l expressions derived by Ogasawara e t a l , /5/ i f we assume t h a t t h e electromagnetic behavior o f i n s i t u wires i s the same as t h a t o f a s i g l e -c o r e superconductor w i t h the diameter o f deff, and the t h e o r e t ic a l r e s u l t s show good agreements w i t h observed data. Table 11 , where the Nb content i n CuNb i s supposed t o be as high as 35wt% i n order t o have a l a r g e c u r r e n t density.
I 1 -EXPECTED PROPERTIES OF A STUCK WIRE WITH MANY FINE i n s i t u Nb,Sn CORES I n t h i s section, we s h a l l show some examples o f design o f the present type o f in s i t u stuck w i r e t a k i n g account o f the purpose o f i t s a p p l i c a t i o n f o r h i g h -f i e l d pulse magnets. An example o f the design i n t h i s case i s shown i n
The f i r s t p r i n c i p l e on the design o f the present stuck w i r e i s t o optimize the amount o f the hysteresis loss compared w i t h the coupling-current l o s s among i n s i t u cores. I t must be noted t h a t the present stuck w i r e i s a l s o t w i s t e d i n the same manner as t h e ordinary m u l t i f i l a m e n t a r y w i r e t o decrease the coupling c u r r e n t l o s s . W e assumed, therefore, t h a t ac losses i n the present w i r e can a l s o be estimated by the e x i s t i n g theories on the o r d i n a r y mu1 ti filamentary wire, which wi 11 be confirmed experimentally i n the n e x t section. The values o f losses were estimated f o r the ext e r n a l f i e l d conditions for windings o f a b i a h -f i e l d c o n d i t i o n as Bdc = 12 T, Bm = 0.5 T and tl = 0.1 sec which are t y p i c a l condition5 f o r windings o f a h i g h -f i e l d pulse magnet i n Kyushu U n i v e r s i t y / 6 / . W e can f i n d t h a t the hysteresis l o s s i s s l i g h t l y smaller than the coupling loss, which seems t o be an optimized design under a given amount o f t o t a l loss.
The second p r i n c i p l e i n the present design i s r e l a t e d t o the electromagnetic propert i e s i n the presence o f the t r a n s p o r t current. I n t h i s case, i t has been pointed o u t by us /7/ t h a t the c u r r e n t uniforming time-constant T~~ tl , t h e t r a n s p o r t c u r r e n t d i s t r i butes uniformly. When T << t, , on the other hand, a l o c a l i z e d t r a n s p o r t c u r r e n t flows near the w i r e shpface. Since the l o c a l i z e d c u r r e n t d i s t r i b u t i o n has a strohg p o s s i b i l i t y f o r t h e occurrence o f f l u x jumps and o f a l a r g e dynamic r e s i s tance loss, t h e value o f T~~ should be designed as small compared w i t h the r i s e o r the f a l l time t, i n order t o use the w i r e i n the concerned pulse magnet.
Compared w i t h o r d i n a r y NbsSn m u l t i f i l a m e n t a r y wires i n which TIO i s q u i t e long due t o the small f i l a m e n t diameter l i m i t e d t o a few microns o r so by a s h o r t d i f f u s i o n l e n g t h o f Sn i n Nb, we can say t h a t the present type o f i n s i t u stuck w i r e has f l e x i b i l i t y i n i t s design f o r various applications.
I n order t o confirm the design p r i n c i p l e i n the i n s i t u stuck w i r e mentioned i n the previous section, we manufactured a t e s t w i r e o f the present type. We, a t f i r s t , prepared 19 i n s i t u Nb,Sn wires w i t h 1.5mn i n diameter i n the same manner as ment i o n e d i n the previous section. Next, each i n s i t u w i r e was shaped i n t o the one w i t h a hexagonal cross section. These shaped i n s i t u wires were stuck i n s i d e the Cu-30wt%Ni j a c k e t , together w i t h 12 dummy Cu-lOwt%Ni wires as a spacer. The obtained composite i n t h i s way was drawn t o a w i r e o f 1.5mm i n diameter. Final diameters o f the i n s i t u bundle and each i n s i t a core were 740 pm and 110pm, r e s p e c t i v e l y , and a reduction r a t i o was about 7000. A f t e r t w i s t i n g t h e w i r e (L = 90 m ) , the heat treatment was c a r r i e d o u t a t 600°C d u r i n g 80 hours (- Fig.4) .
The coup1 i n g time-constant .rc can be determined from the frequency c h a r a c t e r i s t i c curve o f coupling c u r r e n t losses i n the small ac f i e l d case /8/.
I n Fig 
t i s concluded t h a t our design o f the coupling time-constant i s q u i t e s a t i s f a c t o r y .

Measurements o f t h e transverse magnetization < O Z R was also c a r r i e d o u t i n a bias f i e l d o f 2 T. W e obtained <M> R = 15.3mT independently o f the sweep r a t e (< 0.05 T/sec). I t i s t o be note% t h a t t l ( = 2 sec) f o r the magnetization measurement i s much longer than the observed coupling time-constant o f T ; .
Thus the external pulse f i e l d w i t h the sweep r a t e o f 0.05T/sec penetrated f u l l y i n t o the stuck wire, and hence the observed data o f the magnetization i s expected t o be explained by the calculated value o f the magnetization from a l l i n situ cores.
For the present t e s t wire, t h e c r i t i c a l c u r r e n t density averaged over the core r egion i n the stuck w i r e was given as <Jc>2R = 2.2 x 10' A/m2 a t 2 T.
This small value may be a t t r i b u t e d t o a f a i l u r e o f the heat treatment o r drawing by handiwork i n manufacturing the t e s t wire. S u b s t i t u t i n g t h i s value o f <Jc>2R and deff/2R= 1 i n t o E q . ( l ) , we obtained the t h e o r e t i c a l value o f the magnetization as 6.3mT. The s o l i d l i n e r e p r e s e n t s t h e t h e o r e t i c a l values o f Wc(f). 
